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NSP Quality Meats (NSP) is a meat manufacturer located in Owasso, OK. The manufacturing facility 
provides raw and cooked chicken and beef products to restaurant chains such as IHOP and Applebee’s. 
Historically, NSP has not used a disciplined, engineering-based approach to plan and execute their 
production and manufacturing processes. In an effort to streamline operations, NSP recently hired an 
engineering team to implement and manage manufacturing improvement initiatives. One such initiative is 
the restructuring of the facility layout and production processes. NSP’s engineering team has already 
developed a new layout for the facility transformation. Consequently, the engineering team is now 
seeking assistance to quantitatively analyze the impact of their proposed facility layout.  
The senior design team (SDT) evaluated the production output performance of NSP’s current facility and 
proposed facility through a Simio simulation model. The scope of the project was limited to include only 
the process steps beginning from the chicken processing line to the packaging area. The SDT’s alternative 
solutions were to accept the proposed layout, accept the proposed layout with modifications, or reject the 
proposed layout. 
A thorough comprehension of NSP’s processes were recorded and modeled in a useful simulation of the 
actual production process using the SDT’s detailed data observations. The SDT collected data with 
assistance from the NSP engineering team, the frontline employees, and the line managers. After 
collecting the available data, the next step was to analyze the information in order to construct a 
simulation model using Simio simulation software. To analyze the collected data, the SDT applied 
ExpertFit data distribution recommendations to Simio objects in the current layout model and proposed 
layout model. The introduction of a second chicken processing line and changes in material transportation 
distances were the key differences between the two models. 
The current layout simulation model resulted in production of 64,430 pounds of chicken per day, which 
was within 3% of the actual average daily chicken production. The proposed layout model experienced an 
increase in output of 16.3%, or production of 74,920 pounds per day. These results were expected because 
of the increased system capacity added due to the second chicken processing line.  
The utilization of each line for the proposed layout simulation model indicates a strong possibility of a 
bottleneck in the packaging area, which means there is likely a large amount of product that is waiting on 
the line but never being processed. This results in zero down time in the case of Packaging Line 2 and an 
extremely high average utilization rate for Packaging Line 3. As a result, the SDT suggests introducing a 
third packaging line to the proposed layout.  
After adding the third packaging line to the proposed layout, the simulation model resulted in production 
of 90,781 pounds per day. This represents a percent increase in production of 40.9% over the production 
model levels for the current layout and a 21.2% increase in production over the production model levels 
for the proposed layout.  
 
As a result, the SDT recommends implementing the proposed layout with modifications (additional 
packaging line). NSP is encouraged to perform an economic analysis to justify the potential long-term 
value creation relative to the initial costs. The SDT also recommends the NSP engineering team conduct a 
packaging line assignment analysis to determine how each chicken processing line should feed into each 





Table of Contents 
 
1.0 ​Introduction 8 
1.1 ​Current vs. Proposed Production State 8 
1.2 ​Objective and Scope 9 
1.3 ​Important Terms 9 
2.0 ​Project Methodology 13 
2.1 ​Process Identification 13 
2.2 ​Data Collection 13 
2.3 ​Data Analysis 13 
2.4 ​Simulation Model 14 
2.5 ​Simulation Statistical Output Analysis 14 
2.6 ​Evaluating Alternative Solutions 14 
3.0 ​Current State Analysis 15 
3.1 ​Process Background 15 
3.2 ​Data Collection 17 
3.3 ​Data Analysis 19 
3.4 ​Simulation Model 30 
3.5 ​Simulation Statistical Output Analysis 40 
4.0 ​Proposed State Analysis 43 
4.1 ​Process Background 43 
4.2 ​Data Collection 43 
4.3 ​Data Analysis 45 
4.4 ​Simulation Model 45 
4.5 ​Simulation Statistical Output Analysis 55 
5.0 ​Simulation Results Comparison 58 
6.0 ​Evaluating Alternative Solutions 60 
7.0 ​Conclusions and Recommendations 63 





List of Figures 
 
Figure 1.1: Current Facility Layout 10 
Figure 1.2: Proposed Facility Layout 11 
Figure 3.1: NSP Process Map 15 
Figure 3.2: Data Collection Sheet 17 
Figure 3.3: Chicken Processing Time Histogram 19 
Figure 3.4: Chicken Processing Time Distribution Scores 20 
Figure 3.5: Chicken Processing Time Goodness of Fit Test 20 
Figure 3.6: Tumbler 1 Batch Size Histogram 21 
Figure 3.7: Tumbler 1 Batch Distribution Scores 22 
Figure 3.8: Tumbler 1 Batch Size Goodness of Fit Test 22 
Figure 3.9: Line 2 Packaging Process Time Histogram 23 
Figure 3.10: Line 2 Packaging Process Time Distribution Scores 24 
Figure 3.11: Line 2 Packaging Process Time Goodness of Fit Test 24 
Figure 3.12: Line 3 Packaging Process Time Histogram 25 
Figure 3.13: Line 3 Packaging Process Time Distribution Scores 26 
Figure 3.14: Line 3 Packaging Process Time Goodness of Fit Test 26 
Figure 3.15: Tumbler 2 Batch Size Histogram 27 
Figure 3.16: Tumbler 2 Process Time Histogram 28 
Figure 3.17: Simulation Model Current Layout Process Flow Chart 30 
Figure 3.18: Chicken Entity Source 31 
Figure 3.19: Chicken Processing Server 31 
Figure 3.20: Tumbler 1 Combiner 32 
Figure 3.21: Tumbler 2 Combiner 32 
Figure 3.22: Marinade Entity Source 33 
Figure 3.23: Tumbler 1 Separator 33 
Figure 3.24: Tumbler 2 Separator 33 
Figure 3.25: Marinade Entity Sink 34 
Figure 3.26: Oven Line 2 34 
Figure 3.27: Oven Line 3 34 
Figure 3.28: Freezer 1 Line 3 35 
Figure 3.29: Freezer 2 Line 3 35 
Figure 3.30: Packaging Line 2 Combiner 36 
Figure 3.31: Box Entity Source 36 
Figure 3.32: Packaging Line 3 Combiner 37 
Figure 3.33: Bag Entity Source 37 
Figure 3.34: Line 2 Sink 38 
Figure 3.35: Line 3 Sink 38 
Figure 3.36: Simio Current Layout Simulation Model 39 
Figure 4.1: Simulation Model Proposed Layout Process Flow Chart 44 
Figure 4.2: Chicken Entity Source 45 
Figure 4.3: Chicken Processing Server Line2 46 
Figure 4.4: Chicken Processing Server Line 3 46 
Figure 4.5: Tumbler 1 Combiner 47 
Figure 4.6: Tumbler 2 Combiner 47 




Figure 4.8: Tumbler 1 Separator 48 
Figure 4.9: Tumbler 2 Separator 48 
Figure 4.10: Marinade Entity Sink 49 
Figure 4.11: Oven Line 2 49 
Figure 4.12: Oven Line 3 49 
Figure 4.13: Freezer 1 Line 3 50 
Figure 4.14: Freezer 2 Line 3 50 
Figure 4.15: Packaging Line 2 Combiner 51 
Figure 4.16: Box Entity Source 51 
Figure 4.17: Packaging Line 3 Combiner 52 
Figure 4.18: Bag Entity Source 52 
Figure 4.19: Line 2 Sink 53 
Figure 4.20: Line 3 Sink 53 
Figure 4.21: Simio Proposed Layout Simulation Model 54 
Figure 6.1: Proposed Layouts with Modifications Flow Chart 59 
Figure 6.2: Simio Proposed Alternative Layout Simulation Model 61 
Figure 8.1: Initial Project Proposal 63-70 
Figure 8.2: Daily Production Report 03.25.19 71-72 
Figure 8.3: Daily Production Report 03.29.19 73-74 
Figure 8.4: Daily Production Report 03.30.19 74-75 
Figure 8.5: Daily Production Report 04.01.19 75-78 





List of Tables 
 
Table 1.1: Current vs. Proposed Layout 7 
Table 1.2: Scope of Current vs. Proposed Layout 8 
Table 3.1: Chicken Production Process Description 14 
Table 3.2: Products for Data Collection 16 
Table 3.3: Transportation Path Distance in Current Layout 18 
Table 3.4: Process Steps Analysis Classification 19 
Table 3.5: Current Layout Simio Model Output Results 39 
Table 3.6: Current Layout Simulated Production Output 40 
Table 3.7: NSP Daily Production Chicken Output 40 
Table 3.8: Current Layout Transportation Times 41 
Table 3.9: Current Layout Simio Packaging Line Utilization 41 
Table 4.1: Transportation Path Distances in Proposed Layout          43 
Table 4.2: Proposed Layout Simio Model Output Results          54 
Table 4.3: Proposed Layout Simulated Production Output          55 
Table 4.4: Proposed Layout Transportation Times          55 
Table 4.5: Proposed Layout Simio Packaging Line Utilization          56 
Table 5.1: Current vs. Proposed Production Output (lbs)          57 
Table 5.2: Current vs. Proposed Transportation Times          58 
Table 5.3: Current vs. Proposed Simio Packaging Line Utilization          58 
Table 6.1: Proposed Layout with Modifications Simio Model Output Results          60 
Table 6.2: Proposed Layout with Modifications Simulated Production Output          60 








NSP Quality Meats (NSP) is a meat manufacturer located in Owasso, OK. The manufacturing 
facility provides raw and cooked chicken and beef products to restaurant chains such as IHOP and 
Applebee’s. While the Owasso location still operates independently, what is now known as NSP 
was the result of a merger between three independent meat manufacturing companies. The 
corporation is currently owned by a venture capital investment group.  
The venture capital group provides direction and high-level strategic planning for NSP. NSP 
management consists of individuals responsible for carrying out initiatives that drive the company 
toward the pre-defined goals set forth by the venture capital group. The overarching goal of the 
venture capital group is to increase the value of NSP. The NSP engineering team expects the 
value of the company to grow by increasing the product output and decreasing the labor cost per 
pound of finished goods. 
 
Historically, NSP has not used a disciplined, engineering-based approach to plan and execute 
their production and manufacturing processes. In an effort to streamline operations, NSP recently 
hired an engineering team to implement and manage manufacturing improvement initiatives. One 
such initiative is the restructuring of the facility layout and production processes. NSP’s 
engineering team has already developed a new layout for the facility transformation. The purpose 
of the proposed layout is to improve the manufacturing system processes in such a way that the 
production of finished goods increases and labor cost per pound of finished goods decreases. The 
NSP engineering team based their proposed layout on intuition – what they logically believe will 
increase production output. Consequently, the engineering team is now seeking assistance to 
quantitatively analyze the impact of their proposed facility layout.  
1.1. CURRENT VS. PROPOSED PRODUCTION STATE 
To fully understand the problem at hand, it is important to recognize the key differences 
in the current production state and the proposed production state. In addition to changes 
in the facility layout, the NSP engineering team has also indicated interest in expanding 
manufacturing operations via processing equipment investments. Table 1.1 specifies 
NSP’s current production state and proposed production state. 
 ​Table 1.1 - ​Current vs. Proposed Layout  
Current Production State Proposed Production State 
3 Beef Processing Lines  4 Beef Processing Lines  
5 Beef Packaging Lines 5 Beef Packaging Lines 
1 Chicken Processing Line 2 Chicken Processing Lines 
3 Oven Lines  1 2 Oven Lines 




Current Production State (cont’d) Proposed Production State (cont’d) 
3 Cooked Product Packaging Lines  2 2 Cooked Product Packaging Lines 
1 Marinade Preparation Area 1 Marinade Preparation Area 
 
1.2. OBJECTIVE AND SCOPE 
In this project, the senior design team (SDT) evaluated the production output 
performance of NSP’s current facility through a Simio simulation model. Additionally, 
the SDT developed a Simio simulation model for the proposed layout to quantify the 
anticipated production output performance. The SDT evaluated alternative solutions as 
described in sections 2.6 and 6.0. 
This project evaluated and analyzed the chicken processing line in its current state and 
proposed state in terms of production output. The scope of the project was limited to 
include only the process steps beginning from the chicken processing line to the 
packaging area.  
Table 1.2 illustrates the key differences between the current and proposed states in 
reference to the chicken processing steps. Figures 1.1 and 1.2 provide a detailed facility 
layout of the current and proposed states.  
Table 1.2​ - Scope of Current vs. Proposed Layout 
 
Product Family Current Layout Proposed Layout 
Chicken 
- 1 raw processing line 
- 3 oven lines  3
- 3 packaging lines  4
- 2 raw processing lines 
- 2 oven lines 
- 2 packaging lines 
 
1.3. IMPORTANT TERMS 
Important terms relevant throughout this report include the following:  
➢ Bottleneck:​ one process in a manufacturing system where its limited capacity 
reduces the capacity of the whole manufacturing system. 
➢ Buggy:​ a Simio object (vehicle) that is responsible for transporting a user-defined 
quantity of entities 
➢ Combiner:​ a Simio object that combines two or more separate entity types 
2 Packaging Line 1 is no longer operational  
3 Oven Line 1 is no longer operational  




➢ Connector:​ a Simio object that represents a zero time connection between two 
objects.  
➢ Conveyor:​ a Simio object that moves entities at a user-defined constant speed  
➢ Entity: ​a Simio object that represents a user-defined product that moves through 
the system  
➢ Frontline Employee (FLE)​: a production employee that works directly with the 
product on the manufacturing floor 
➢ Line Manager:​ a production employee that oversees the manufacturing processes  
➢ Path: ​a Simio object that can move entities at varying speeds between two 
objects 
➢ Process Step:​ a single production activity that is one of many steps in a 
manufacturing process used to create finished goods 
➢ Production Line:​ a manufacturing line that performs a similar function and 
produces similar products (e.g. chicken processing line) 
➢ Separator:​ a Simio object that separates two or more combined entities  
➢ Server:​ a Simio object that uses a predefined processing time to process entities 
➢ Simio:​ a simulation software capable of modeling large-scale systems and 
statistically analyzing the system outputs  
➢ Simio Object:​ any individual part of the Simio simulation (i.e. entity, source) 
➢ Sink:​ a Simio object that destroys entities (removes entities from the system) 
➢ Source:​ a Simio object that creates entities given specific user-defined 
parameters 
NSP requested the assistance of Oklahoma State University’s Industrial Engineering SDT to help 
them understand the impact the proposed facility layout will have on the chicken production lines. 
NSP also asked the SDT to make suggestions for improvements to the proposed layout if 
















2.0 Project Methodology 
This section provides a detailed framework of the problem-solving methodology used in 
developing solutions for NSP.  
2.1 PROCESS IDENTIFICATION  
2.1.1 Identified process steps for the chicken production lines in the current and 
proposed layouts  
2.1.2 Created process charts for the chicken production lines in the current and 
proposed layouts  
2.1.3 Created process maps for the chicken production lines in the current and 
proposed layouts 
2.2 DATA COLLECTION  
2.2.1 Established data collection timeframe with NSP engineering team 
2.2.2 Created a team data collection plan to meet project requirements 
2.2.3 Developed a standardized data collection sheet  
2.2.4 Collected data  
2.2.5 Identified the chicken products that were manufactured during the data collection 
timeframe 
2.2.6 Obtained NSP daily production reports for specific data collection days 
2.3 DATA ANALYSIS 
2.3.1 Organized and compiled all data collected  
2.3.2 For processes with more than 10 data points: 
2.3.2.1 Utilized ExpertFit to determine the best fit distribution 
2.3.2.2 Evaluated distributions using goodness of fit tests  
2.3.2.3 Determined the level of significance based on goodness of fit results 
2.3.3 For processes with less than 10 data points: 
2.3.3.1 Analyzed available data 





2.4 SIMULATION MODEL  
2.4.1 Applied ExpertFit distribution recommendations to Simio objects in current 
layout model 
2.4.2 Developed a simulation model for the current layout  
2.4.3 Ran the current layout simulation for 10 replications  
2.4.4 Applied ExpertFit distribution recommendations to Simio objects in proposed 
layout model 
2.4.5 Developed a simulation model for the proposed layout  
2.4.6 Ran the proposed layout simulation for 10 replications  
2.5 SIMULATION STATISTICAL OUTPUT ANALYSIS  
2.5.1 Evaluated production output (in lbs) on the chicken production lines for current 
and proposed layouts  
2.5.2 Evaluated utilization rates for packaging combiners for current and proposed 
layouts  
2.5.3 Evaluated transportation times on the chicken production lines for current and 
proposed layouts 
2.6 EVALUATING ALTERNATIVE SOLUTIONS 
2.6.1 Compared production output changes between the current and proposed layouts  
2.6.2 Identified areas of opportunity in the proposed layout  
2.6.3 Evaluated the following alternative solutions 
2.6.3.1 Accept the proposed layout 
2.6.3.2 Accept the proposed layout with modifications 
2.6.3.3 Reject the proposed layout 
2.6.4 Formulated recommendations for alternative solution selection based on the 






3.0 Current State Analysis 
This section provides a description of the current layout process for the chicken manufacturing 
line, the SDT’s approach for data collection and analysis, and the statistical results from the 
simulation model.  
3.1 PROCESS BACKGROUND  
NSP currently produces products in two main product families: chicken and beef. Since 
the scope of this project is limited to only chicken, the current simulation model and 
analysis disregarded all beef processes in the facility.  
Understanding NSP’s current chicken production process was key in developing a 
simulation model that accurately depicted the various nuances in the complex set of 
production steps. A thorough comprehension of NSP’s processes were recorded and 
modeled in a useful simulation of the actual production process using the SDT’s detailed 
data observations. The SDT collected data with assistance from the NSP engineering 
team, the frontline employees, and the line managers. This information allowed the SDT 
to perform a comparative analysis of the current and proposed facility layouts.  
To assist in the data analysis project phase, the SDT needed to understand how NSP 
creates value for their customers in the current manufacturing process. The following 
process steps for the chicken production line in the current layout are identified below:  
Table 3.1​ - Chicken Production Process Description 
 
Operation  Description 
Trim/Cut a process that removes excess fat, foreign material, bloodied meat, etc. 
X-Ray a process that scans chicken for foreign material or leftover bone 
Tenderizer a process that breaks down collagen in the chicken to soften the cut 
Marinade a process where chicken is deposited into tumblers to marinade for flavor 
Oven a process that cooks the chicken to product specification 
Chill a process that flash freezes cooked chicken to prepare it for packaging 
Packaging a process that prepares finished product for customer delivery 
Palletizing  5 a process that prepares packaged product for shipment 
Storage  6 an area that holds finished product until it is ready for pickup 
 
5  Not included in project scope 




Figure 3.1 shows the process map of NSP’s current production processes in relation to the 
scope of the project. The figure is separated into swimlanes to help in identifying how the 
specific process step is integrated into the overall system. Beef is out of the SDT’s project 
scope, so no process steps are identified in the beef swimlane.  
 





3.2 DATA COLLECTION 
An important component for creating an accurate and useful simulation was obtaining the 
required data to input into the model. Maintaining integrity in the data was of the highest 
importance in the SDT’s data collection methods.  
The SDT had less than a two-week time span to collect all necessary data for the project. 
As a result, one challenge the SDT had to overcome was how to collect a meaningful 
amount of data on separate days when different products were being produced. 
Fortunately, overlapping process steps and intrinsic similarities in NSP’s manufacturing 
methods allowed the SDT to continue data collection mostly uninterrupted.  
Data collection challenges the SDT experienced included the following: 
➢ Day 1: Line 2 ran only beef products, so the SDT could not collect data for the 
respective Line 2 equipment. 
➢ Day 3: the chicken processing line was being fed product by hand, which limited 
the number of recorded observations. 
All data was collected by the SDT in a less than two-week span on three separate days, 
which allowed the team to obtain independent data. Table 3.2 identifies which chicken 
products data were collected for each day with respect to Lines 2 and 3.  
Table 3.2​ - Products for Data Collection  
 
Oven Line Day 1 Day 2  Day 3  
2 Running Beef Only Chicken Breast Strips Chicken Breast Strips 
3 Herb Chicken Breast Thin Sliced Chicken Breast Herb Chicken Breast 
 
The following data was collected on NSP’s processes: 
➢ Chicken Interarrival Time 
➢ Chicken Processing Line Time  
➢ Chicken Processing Line Buggy Weight 
➢ Tumbler Batch Size 
➢ Tumbler Marination Time 
➢ Oven Dwell Time 
➢ Line 2 Conveyor Speed 
➢ Line 3 Conveyor Speed 
➢ Line 3 Freezer Dwell Time 
➢ Line 3 Spiral Freezer Dwell Time 
➢ Line 2 Packaging Rate (lbs/hr) 
➢ Line 3 Packaging Rate (lbs/hr) 
Figure 3.2 illustrates the data collection document that was used to record data for most 




Data Collection MM.DD.YYYY 
Product Type 
Line 2 Processing Times 
Conveyor 
Speed Oven Slicer Rate Freezer Packaging 
      
      
      
      
      




Dwelltime Freezer Spiral Freezer Packaging (lbs/min) 
     
     
     
     
Chicken Process Line Tumbler 2 Processing Time Tumbler 3 Processing Time 
lbs time (min) lbs time lbs time (min) 
      
      
      
      
    Chicken Interarrival Time 
    lbs time(min) 








Data was also collected on transportation distances separating subsequent process steps. 
The SDT recorded these measured distances in Table 3.3 below.  
Table 3.3​ - Transportation Path Distances in Current Layout 
Path Current Layout Distance (ft) 
Chicken Processing → Tumbler 2 80 
Chicken Processing → Tumbler 1 115 
Marinade Room → Tumbler 2 95 
Marinade Room → Tumbler 1 120  
Tumbler 2 → Oven 2 80 
 
Data collection was an extremely important part of the project methodology. Without 
reliable data, the simulation model would have lacked integrity and provided inaccurate 
results. The SDT recognizes that given more time and data the accuracy of the simulation 
model could be improved.  
3.3 DATA ANALYSIS  
The SDT employed the ExpertFit software to analyze the collected data. ExpertFit helped 
the team understand the best distributions for each required processing parameter, which 
in turn allowed the simulation model to more closely follow NSP’s processes. The 
accuracy of the simulation model was of paramount importance in order for the SDT to 
draw appropriate conclusions.  
ExpertFit could only be used for the process steps where more than 10 data points were 
available. Due to time constraints and frequency of operations, it was infeasible to collect 





Table 3.4 summarizes the data availability. 
Table 3.4​ - Process Steps Analysis Classification 
 
Process Steps (n > 10 data points) Process Steps (n < 10 data points) 
Chicken Processing Time Tumbler 2 Batch Size 
Tumbler 1 Batch Size Tumbler 2 Marination Time 
Tumbler 1 Marination Time  Line 2 Oven Process Time 
Line 2 Packaging Process Time Line 3 Oven Process Time 
Line 3 Packaging Process Time  Line 2 Conveyor Speed 
 Line 3 Conveyor Speed 
 Line 3 Freezer(s) Dwell Time 
The information in subsections 3.3.1 and 3.3.2 contains the results from the SDT’s 
analysis and the corresponding Simio simulation inputs.  
3.3.1 PROCESS STEPS ANALYSIS (n > 10 data points)  














Figure 3.3 illustrates a histogram of the collected data for the chicken processing time. 
ExpertFit fit the top three distributions for the data as indicated in the key below the 
figure.  
Figure 3.4​ - Chicken Processing Time Distribution Scores 
Figure 3.4 indicates the relative scores for the top three best-fitting distributions for 
chicken processing times. Log-Logistic(E) was the top scorer and recommended 
distribution to model this data.  
 






Figure 3.5 describes the K-S test for goodness of fit for the chicken processing time data 
sample for the Log-Logistic(E) distribution. Based on the results seen in this figure, the 
SDT has decided to utilize a level of significance where 𝛼 = 0.15. It can be concluded 
that there is an 85% confidence level that this distribution will adequately model the true 
chicken processing time. 
Therefore, the chicken processing time in minutes (using ExpertFit) was modeled in 
Simio using the following formula:  
Chicken Processing Time = 0.005731 + Random.LogLogistic(2.436013, 0.002182) 
 
Tumbler 1 Batch Size / Marination Time Analysis Results: 
 
Figure 3.6​ - Tumbler 1 Batch Size Histogram 
 
Figure 3.6 illustrates a histogram of the collected data for tumbler 1 batch size. ExpertFit 





Figure 3.7​ - Tumbler 1 Batch Size Distribution Scores 
 
Figure 3.7 indicates the relative scores for the top three best-fitting distributions for 
tumbler 1 batch size. Weibull was the top scorer and recommended distribution to model 
this data.  
 
Figure 3.8​ - Tumbler 1 Batch Size Goodness of Fit Test 
 
Figure 3.8 describes the K-S test for goodness of fit for the tumbler 1 batch size data 
sample for the Weibull distribution. Based on the results seen in this figure, the SDT has 
decided to utilize a level of significance where 𝛼 = 0.1. It can be concluded that there is a 





The recorded data also included the tumbler 1 marination processing time in minutes, 
which the SDT observed as a uniform distribution (modeled below). The tumbler 1 batch 
size in pounds (using ExpertFit) was modeled in Simio using the following:  
 
Tumbler 1 Batch Size = Random.Weibull(7.984700, 5186.956680) 
 
Tumbler 1 Processing Time = Random.Uniform(25, 30) 
 
Line 2 Packaging Process Time Analysis Results:  
 
Figure 3.9​ - Line 2 Packaging Process Time Histogram 
 
Figure 3.9 illustrates a histogram of the collected data for line 2 packaging process time. 






Figure 3.10​ - Line 2 Packaging Process Time Distribution Scores 
 
Figure 3.10 indicates the relative scores for the top three best-fitting distributions for line 
2 packaging process time. Beta was the top scorer and recommended distribution to 
model this data.  
 
Figure 3.11 ​- Line 2 Packaging Process Time Goodness of Fit Test 
 
Figure 3.11 describes the K-S test for goodness of fit for the line 2 packaging process 
time data sample for the Beta distribution. Based on the results seen in this figure, the 




that there is an 85% confidence level that this distribution will adequately model the true 
line 2 packaging process time. 
It is important to note that line 2 packaging process time data only includes packaging 
times for boxes. The Simio simulation assumes only boxes are modeled on the line 2 
packaging combiner. Therefore, the line 2 packaging process time in minutes (using 
ExpertFit) was modeled in Simio using the following:  
L2 Packaging Process Time = 0.78 + 2.108992 * Random.Beta(1.150201, 2.648744) 
 
Line 3 Packaging Process Time Analysis Results:  
 
Figure 3.12​ - Line 3 Packaging Process Time Histogram 
 
Figure 3.12 illustrates a histogram of the collected data for line 3 packaging process time. 






Figure 3.13​ - Line 3 Packaging Process Time Distribution Scores 
 
Figure 3.13 indicates the relative scores for the top three best-fitting distributions for line 
3 packaging process time. Pearson Type V(E) was the top scorer and recommended 
distribution to model this data. 
 
Figure 3.14​ - Line 3 Packaging Process Time Goodness of Fit Test 
 
Figure 3.14 describes the K-S test for goodness of fit for the line 3 packaging process 
time data sample for the Pearson Type V(E) distribution. Based on the results seen in this 




concluded that there is an 85% confidence level that this distribution will adequately 
model the true line 3 packaging process time. 
It is important to note that line 3 packaging process time data only includes packaging 
times for bags. The Simio simulation assumes only bags are modeled on the line 3 
packaging combiner. Therefore, the line 3 packaging process time in minutes (using 
ExpertFit) was modeled in Simio using the following: 
L3 Packaging Process Time = 0.019284 + 1 / Random.Gamma(19.865894, 1.348739) 
 
3.3.2 PROCESS STEPS ANALYSIS (n < 10 data points) 
Tumbler 2 Batch Size Analysis Results: 
 
Figure 3.15​ - Tumbler 2 Batch Size Histogram 
Since only five batch observations could be recorded, a uniform distribution was chosen 
to model the batch size data. Therefore, the line 2 tumbler batch size in pounds was 
modeled in Simio using the following: 











Tumbler 2 Marination Time Analysis Results: 
 
 
Figure 3.16​ - Tumbler 2 Process Time Histogram 
The marination time for chicken in tumbler 2 followed a distribution ranging from 12 
minutes to 25 minutes. Therefore, the line 2 tumbler batch size and marination time was 
modeled in Simio using the following: 
Tumbler 2 Processing Time = Random.Triangular(12,16,25) 
 
Line 2 Oven Process Time Analysis Results:  
The line 2 oven rate parameters range from being able to process 2000 lbs/hour to 3500 
lbs/hour. To input this in Simio, the SDT converted 2000 lbs/hour and 3500 lbs/hour to 
1/2000 hrs/lb and 1/3500 hrs/lb, respectively. Therefore, line 2 oven processing time was 
modeled in Simio as follows:  
Oven 2 Processing Time = Random.Uniform(1/2000,1/3500) 
 
Line 3 Oven Process Time Analysis Results:  
The line 3 oven rate parameters range from being able to process 5000 lbs/hour to 7700 
lbs/hour. To input this in Simio, the SDT converted 5000 lbs/hour and 7700 lbs/hour to 
1/5000 hrs/lb and 1/7700 hrs/lb, respectively. Therefore, line 3 oven processing time was 
modeled in Simio as follows:  




Line 2 Conveyor Speed:  
The line 2 conveyor follows a linear path without elevation change at a constant rate. To 
model this in Simio, the SDT recorded the conveyor speed in feet per minute (FPM).  
Line 2 Conveyor Speed = 18.35 FPM 
 
Line 3 Conveyor Speed:  
The line 3 conveyor follows a linear path without elevation change at a constant rate. To 
model this in Simio, the SDT recorded the conveyor speed in feet per minute (FPM). 
Line 3 Conveyor Speed = 44 FPM 
 
Line 3 Freezer Dwell Times:  
The line 3 freezers consist of a standard freezer and a spiral freezer. Both freezer types 
change product elevation and have corresponding dwell times for chicken. To model this 
in Simio, the SDT observed a uniform dwell time for both freezer types as seen below:  
Line 3 Freezers’ Dwell Time = 25 minutes 
 
3.4 SIMULATION MODEL  
After analyzing the available data, the next step was to construct a simulation model 
using Simio simulation software. While Simio is an effective modeling tool for many 
different kinds of simulations, the SDT recognizes that certain parts of the simulation 
may not be completely accurate or reflective of NSP’s actual processes due to time 
constraints and data availability.  
Figure 3.17 is representative of the Simio simulation model. The figure illustrates the 
respective distances and identifies the various process steps in manufacturing finished 















Figure 3.17​ - Simulation Model Current Layout Process Flow Chart 
As noted in previous sections, this simulation only considers NSP’s processes from the 
time raw chicken enters the chicken hopper to the time it is packaged and sent to the 
palletizing room. 
 The Simio model contains four separate entity types: 
● Chicken entity (Ent_ChickenBreast) 
● Marinade entity (Ent_Marinade) 
● Box entity (Line 2) (Pkg_Boxes) 
● Bag entity (Line 3) (Pkg_Bag) 
It is important to note that a single chicken entity entering the Simio model represents ​one 
pound of raw chicken.​ Therefore, each chicken entity (or pound of chicken) must be 
processed via a set of repeatable manufacturing steps as discussed in previous sections.  
Likewise, one marinade entity represents the total volume of a batch of marinade 
sufficient to process a batch of chicken marinating in one of the two tumblers. In other 
words, one marinade entity could be assigned to a batch of 5,000 chicken entities if 5,000 
pounds is the batch size for a tumbler.  
The box entity is used exclusively on Packaging Line 2 and holds a batch size of 30 
pounds (30 chicken entities). The bag entity is used exclusively on Packaging Line 3 and 
holds a batch size of 5 pounds (5 chicken entities).  
The current layout Simio model was run for 10 iterations for 8 hours each with a 
warm-up period of 2 hours. Each object within the Simio model and the logic driving 




Current Layout Simulation Model Steps: 
Chicken Entity Source (Src_Chicken_Dump) 
The chicken entity source releases chicken entities into the system. It is important to 
remember that one entity is equal to one pound of chicken. The chicken entities are 
released using an interarrival time equivalent to approximately 2 pounds per second.  
 
Figure 3.18​ - Chicken Entity Source 
Chicken Processing Server (Srv_Chicken_Processing) 
The chicken processing server processes chicken entities. This server represents chicken 
processing steps such as trimming, cutting, X-ray, tenderizer, etc. The chicken entities are 
processed on the chicken processing server using the processing time described in section 
3.3.1.  
 





Tumbler 1 / Tumbler 2 Combiners (Cmb_Tumbler_1 / Cmb_Tumbler_2) 
Buggies transport the chicken entities to either Tumbler 1 or Tumbler 2. Tumbler 1 is the 
default option, so the buggies only transport chicken entities to Tumbler 2 if Tumbler 1 is 
in use. The buggies move at 2 miles per hour (assumed pace of an average worker 
pushing a 600 pound buggy) along the respective distances to Tumbler 1 and Tumbler 2. 
Both tumblers are modeled as a Combiner, which is responsible for combining a 
marinade entity to a batch of chicken entities. A batch of chicken entities is defined in 
sections 3.3.1 and 3.3.2 for Tumbler 1 and Tumbler 2, respectively.  
 
Figure 3.20​ - Tumbler 1 Combiner 
 
Figure 3.21​ - Tumbler 2 Combiner 
Marinade Entity Source (Src_Marinade_Room) 
The marinade entity source releases marinade entities into the system when a batch of 
chicken entities arrives at either Tumbler 1 or Tumbler 2. The marinade entities travel 





Figure 3.22​ - Marinade Entity Source 
Tumbler 1 / Tumbler 2 Separators (Sep_VacCat / Sep_BuggyLoad) 
Tumbler 1 and Tumbler 2 Separators are located immediately after the Tumbler 1 and 
Tumbler 2 Combiners. Because the Combiners combine a batch of chicken entities with a 
marinade entity (which represents the marinating process) but are released from the 
tumblers as separate pieces of chicken, the separators are a zero processing time step to 
separate the batch of chicken entities from the marinade entity. The separators are 
necessary in the Simio model only. They are not an actual reflection of NSP’s 
manufacturing processes.  
 
Figure 3.23​ - Tumbler 1 Separator 
 




Marinade Entity Sink (Marinade_Exit) 
The marinade entity sink serves as a means to remove the marinade entities from the 
system once they are separated from the chicken entities. The chicken entities are 
considered marinated from that point forward in the model.  
 
Figure 3.25​ - Marinade Entity Sink 
Oven Line 2 / Oven Line 3 (Srv_Oven_L2 / Srv_Oven_L3) 
The marinated chicken entities proceed to either Oven Line 2 or Oven Line 3, depending 
on the tumbler in which they were processed. The chicken entities are processed on the 
oven servers for processing times defined in section 3.3.2.  
 
Figure 3.26​ - Oven Line 2 
 





Freezer 1 Line 3 (Srv_Freezer1_L3) 
The Freezer 1 Line 3 Server cools and partially freezes the cooked and marinated chicken 
entities on Line 3. The server’s processing time is defined in section 3.3.2. 
 
Figure 3.28​ - Freezer 1 Line 3 
Freezer 2 Line 3 (Srv_Freezer2_L3) 
The Freezer 2 Line 3 Server finishes freezing the cooked and marinated chicken entities 
on Line 3. The server’s processing time is defined in section 3.3.2. 
 
Figure 3.29​ - Freezer 2 Line 3 
Line 3 Conveyor 
The Line 3 Conveyor represents the transportation distances between Oven Line 3 and 
Freezer 1 Line 3, Freezer 1 Line 3 and Freezer 2 Line 3, and Freezer 2 Line 3 and 





Line 2 Conveyor  
The Line 2 Conveyor represents the freezing and slicing processes on Line 2 for the 
cooked and marinated chicken entities. The Line 2 Conveyor moves at a speed as defined 
in section 3.3.2.  
Packaging Line 2 Combiner (Cmb_Pack_L2) 
Packaging Line 2 Combiner combines a box entity and a batch of 30 chicken entities to 
prepare the finished goods for shipment. A box entity is readily available at all times to 
package the chicken entities when the appropriate batch size is present. The processing 
time for Packaging Line 2 Combiner is defined in section 3.3.1.  
 
Figure 3.30​ - Packaging Line 2 Combiner 
Box Entity Source (Src_Pkg_Boxes) 
The box entity source releases a box entity into the system when a batch of chicken 
entities arrives at Packaging Line 2 Combiner. A single box entity is combined with a 
batch of 30 chicken entities.  
 




Packaging Line 3 Combiner (Cmb_Pack_L3) 
Packaging Line 3 Combiner combines a bag entity and a batch of 5 chicken entities to 
prepare the finished goods for shipment. A bag entity is readily available at all times to 
package the chicken entities when the appropriate batch size is present. The processing 
time for Packaging Line 3 Combiner is defined in section 3.3.1.  
 
Figure 3.32​ - Packaging Line 3 Combiner 
Bag Entity Source (Src_Pkg_Bags) 
The bag entity source releases a bag entity into the system when a batch of chicken 
entities arrives at Packaging Line 3 Combiner. A single bag entity is combined with a 
batch of 5 chicken entities.  
 







Line 2 Sink (Snk_L2_Exit) 
The Line 2 Sink is used in the model to indicate that the manufacturing process has been 
completed for a box of 30 chicken entities. A connector attaches the Packaging Line 2 
Combiner to the Line 2 Sink. All finished boxed products exit through the sink. 
  
Figure 3.34​ - Line 2 Sink 
Line 3 Sink (Snk_L3_Exit) 
The Line 3 Sink is used in the model to indicate that the manufacturing process has been 
completed for a bag of 5 chicken entities. A connector attaches the Packaging Line 3 
Combiner to the Line 3 Sink. All finished bagged products exit through the sink.  
 






Figure 3.36​ - Simio Current Layout Simulation Model 
 
3.5 SIMULATION STATISTICAL OUTPUT ANALYSIS  
After running the Simio experiment for 10 iterations with a run time of 8 hours each 
(warm-up period was 2 hours), the model’s statistical output results were analyzed to 
verify the accuracy of the simulation. Table 3.5 summarizes the output results below.  




To calculate the actual finished product output in pounds on average, the SDT had to 
consider the number of entities (weight) of chicken in the boxes and bags. Equations 3.1 




Line 2 Sink Output = (181.8 boxes) * (2 shifts) * (30 lbs/box) (3.1) 
Line 3 Sink Output = (5,352.2 bags) * (2 shifts) * (5 lbs/bag)  (3.2) 
 
Since the Simio model was ran for only one shift (8 hours) and the SDT assumed shift 
one runs identically to shift two, the number of entities (boxes and bags) that entered the 
sink was multiplied by two. This was necessary because the Simio model is a large-scale 
simulation of a single production day and the required computing power for an entire 
production day was not available to the SDT. Table 3.6 shows the summary production 
output for two shifts. 
 
Table 3.6​ - Current Layout Simulated Production Output 
 
Line Shift 1 (lbs) Shift 2  (lbs) Net Produced (lbs) 
2 5,454 5,454 10,908 
3 26,761 26,761 53,522 
  Total  64,430 
 
The Simio model output results were verified using NSP daily production reports for each 
of the three days of data collection as discussed in section 3.2. Table 3.7 summarizes the 
total chicken production output. The average of actual total pounds produced for chicken 
was 66,400 pounds across the three days. This represents an approximately 3% difference 
in actual chicken output compared to simulated chicken output. This small percent 
difference verifies the relative accuracy of the simulation in modeling NSP’s current 
production processes in Simio.  
 ​Table 3.7​ - NSP Daily Production Chicken Output 
Oven Line Day 1 Day 2  Day 3  
2 Running Beef Only Chicken Breast Strips Chicken Breast Strips 
3 Herb Chicken Breast Thin Sliced Chicken Breast Herb Chicken Breast 
Total Lbs. 
Produced 64,000 lbs 62,190 lbs 73,000 lbs 
 
Transportation time from the marinade room to both Tumbler 1 and Tumbler 2 was of 
interest to the NSP engineering team. Assuming an average pace of 2 miles per hour for a 
worker to push a loaded marinade vat along the respective distances, the SDT was able to 




Table 3.8​ - Current Layout Transportation Times 
Marinade Room → 
Tumbler 
Current distance (ft) Time to transport (sec) 
1 120 40.9  
2 95 32.4  
 
Simio output statistics for the packaging combiners indicate the lines’ utilization. These 
results are summarized in Table 3.9 below.  
Table 3.9​ - Current Layout Simio Packaging Line Utilization 
Utilization Packaging Line 2 Packaging Line 3 
Maximum 99.3% 94.7% 
Minimum 47.2% 71.8% 
Average 72.3% 87.1% 
 
The utilization for each line shows a high degree of variability, which is representative of 
NSP’s chicken manufacturing processes. However, the average utilization helps verify 
the model’s logic. Because Line 3 is the default route in the simulation, a higher 
utilization is expected. The average utilization rates were taken over the 10 replications in 





4.0 Proposed State Analysis 
This section provides a description of the proposed layout process for the chicken manufacturing 
line, the SDT’s approach for data collection and analysis, and the results derived from the 
simulation model.  
4.1 PROCESS BACKGROUND  
NSP’s proposed production state remained the same with products from two main 
product families: chicken and beef. Since the scope of this project is limited to only 
chicken, the proposed simulation model and analysis disregarded all beef processes in the 
facility.  
Understanding NSP’s proposed chicken production process was key in developing a 
simulation model that accurately depicted the various nuances in the complex set of 
production steps. A thorough comprehension of NSP’s processes were recorded and 
modeled in a useful simulation of the actual production process using the SDT’s detailed 
data observations, which were used to help model the proposed facility layout. This 
information allowed the SDT to perform a comparative analysis of the current versus 
proposed facility layouts.  
To assist in the data analysis project phase, the SDT needed to understand how NSP 
creates value for their customers in the proposed manufacturing process. The process 
steps for the chicken production line in the proposed layout are identical to the process 
steps in the current layout. Please reference Table 3.1 for more details.  
Additionally, Figure 3.1 illustrates the process map for chicken products, which is 
exemplary of both the current and proposed facility layouts. Please reference Figure 3.1 
for more details.  
4.2 DATA COLLECTION 
An important component for creating an accurate and useful simulation was obtaining the 
required data to input into the model. Maintaining integrity in the data was of the highest 
importance in the SDT’s data collection methods.  
The SDT had a less than two-week time span to collect all necessary data for the project. 
As a result, one challenge the SDT had to overcome was how to collect a meaningful 
amount of data on separate days when different products were being produce. 
Fortunately, overlapping process steps and intrinsic similarities in NSP’s manufacturing 
methods allowed the SDT to continue data collection mostly uninterrupted.  
All data was collected by the SDT in a less than two-week time span on three separate 





The following data was collected on NSP’s current processes, which helped model the 
proposed simulation: 
➢ Chicken Interarrival Time 
➢ Chicken Processing Line Time  
➢ Chicken Processing Line Buggy Weight 
➢ Tumbler Batch Size 
➢ Tumbler Marination Time 
➢ Oven Dwell Time 
➢ Line 2 Conveyor Speed 
➢ Line 3 Conveyor Speed 
➢ Line 3 Freezer Dwell Time 
➢ Line 3 Spiral Freezer Dwell Time 
➢ Line 2 Packaging Rate (lbs/hr) 
➢ Line 3 Packaging Rate (lbs/hr) 
As stated previously, NSP’s current processes are mostly reflective of the proposed 
processes. The major differences in the proposed layout are as follows: 
➢ Arrangement of equipment 
➢ Transportation distances 
➢ One additional chicken processing line 
While no additional data was collected specifically for the proposed facility layout, much 
of the information used in modeling the current layout was also used in modeling the 
proposed layout. It was assumed that transportation rates remained the same between the 
current and proposed facility layouts (2 miles per hour) and that the additional chicken 
processing line produces chicken at the same rate as the current chicken processing line.  
Data was also collected on transportation distances separating subsequent process steps 
for the proposed facility layout. The SDT recorded these measured distances in Table 4.1 
below.  
Table 4.1​ - Transportation Path Distances in Proposed Layout 
Path Current Layout Distance (ft) 
Chicken Processing 2 → Tumbler 2 35 
Chicken Processing 1 → Tumbler 1 16 
Marinade Room → Tumbler 2 250 
Marinade Room → Tumbler 1 236  





Data collection was an extremely important part of the project methodology. Without 
reliable data, the simulation model would lack integrity and provide inaccurate results. 
The SDT recognizes that given more time and more data the accuracy of the simulation 
model could be improved.  
4.3 DATA ANALYSIS 
Section 3.3 contains all the data analysis for the current facility layout. These analysis 
results were also used in constructing the Simio model for the proposed facility layout. 
Please reference section 3.3 for more details.  
4.4 SIMULATION MODEL 
After analyzing the available data, the next step was to construct a simulation model 
using Simio simulation software. While Simio is an effective modeling tool for many 
different kinds of simulations, the SDT recognizes that certain parts of the simulation 
may not be completely accurate or reflective of NSP’s proposed processes and facility 
layout due to time constraints and data availability.  
Figure 4.1 is representative of the Simio simulation model for the proposed facility 
layout. The figure illustrates the respective distances and identifies the various process 
steps in manufacturing finished goods (chicken product).  
 
Figure 4.1​ - Simulation Model Proposed Layout Process Flow Chart 
As noted in previous sections, this simulation only considers NSP’s processes from the 





The Simio model contains four separate entity types: 
● Chicken entity (Ent_ChickenBreast) 
● Marinade entity (Ent_Marinade) 
● Box entity (Line 2) (Pkg_Boxes) 
● Bag entity (Line 3) (Pkg_Bag) 
It is important to note that a single chicken entity entering the Simio model represents ​one 
pound of raw chicken.​ Therefore, each chicken entity (or a pound of chicken) must be 
processed via a set of repeatable manufacturing steps as discussed in previous sections.  
Likewise, one marinade entity represents the total volume of a batch of marinade 
sufficient to process a batch of chicken marinating in one of the two tumblers. In other 
words, one marinade entity could be assigned to a batch of 5,000 chicken entities if 5,000 
pounds is the batch size for a tumbler.  
The box entity is used exclusively on Packaging Line 2 and holds a batch size of 30 
pounds (30 chicken entities). The bag entity is used exclusively on Packaging Line 3 and 
holds a batch size of 5 pounds (5 chicken entities). 
The proposed layout Simio model was run for 10 iterations for 8 hours each with a 
warm-up period of 2 hours. Each object within the Simio model and the logic driving 
each processing and transportation step is described below.  
Proposed Layout Simulation Model Steps: 
Chicken Entity Source (Src_Chicken_Dump) 
The chicken entity source releases chicken entities into the system. It is important to 
remember that one entity is equal to one pound of chicken. The chicken entities are 
released using an interarrival time equivalent to approximately 2 pounds per second.  
 





Chicken Processing Server Line 2 / Chicken Processing Server Line 3 
(Srv_Chicken_Processing_L2 / Srv_Chicken_Processing_L3) 
The chicken processing servers process chicken entities. The servers represent chicken 
processing steps such as trimming, cutting, X-ray, tenderizer, etc. The chicken entities are 
processed on the chicken processing servers using the processing time described in 
section 3.3.1.  
 
Figure 4.3​ - Chicken Processing Server Line 2 
 









Tumbler 1 / Tumbler 2 Combiners (Cmb_Tumbler_1 / Cmb_Tumbler_2) 
Buggies transport the chicken entities to either Tumbler 1 or Tumbler 2. Tumbler 1 is the 
default option, so the buggies only transport chicken entities to Tumbler 2 if Tumbler 1 is 
in use. The buggies move at 2 miles per hour (assumed pace of an average worker 
pushing a 600 pound buggy) along the respective distances to Tumbler 1 and Tumbler 2. 
Both tumblers are modeled as a Combiner, which is responsible for combining a 
marinade entity to a batch of chicken entities. A batch of chicken entities is defined in 
sections 3.3.1 and 3.3.2 for Tumbler 1 and Tumbler 2, respectively.  
 
Figure 4.5​ - Tumbler 1 Combiner 
 
Figure 4.6​ - Tumbler 2 Combiner 
Marinade Entity Source (Src_Marinade_Room) 
The marinade entity source releases marinade entities into the system when a batch of 
chicken entities arrives at either Tumbler 1 or Tumbler 2. The marinade entities travel 





Figure 4.7​ - Marinade Entity Source 
Tumbler 1 / Tumbler 2 Separators (Sep_VacCat / Sep_BuggyLoad) 
Tumbler 1 and Tumbler 2 Separators are located immediately after the Tumbler 1 and 
Tumbler 2 Combiners. Because the combiners combine a batch of chicken entities with a 
marinade entity (which represents the marinating process) but are released from the 
tumblers as separate pieces of chicken, the separators are a zero processing time step to 
separate the batch of chicken entities from the marinade entity. The separators are 
necessary in the Simio model only. They are not an actual reflection of NSP’s 
manufacturing processes.  
 
Figure 4.8 ​- Tumbler 1 Separator 
 




Marinade Entity Sink (Marinade_Exit) 
The marinade entity sink serves as a means to remove the marinade entities from the 
system once they are separated from the chicken entities. The chicken entities are 
considered marinated from that point forward in the model.  
 
Figure 4.10​ - Marinade Entity Sink 
Oven Line 2 / Oven Line 3 (Srv_Oven_L2 / Srv_Oven_L3) 
The marinated chicken entities proceed to either Oven Line 2 or Oven Line 3, depending 
on the tumbler in which they were processed. The chicken entities are processed on the 
oven servers for processing times defined in section 3.3.2.  
 
Figure 4.11​ - Oven Line 2 
 





Freezer 1 Line 3 (Srv_Freezer1_L3) 
The Freezer 1 Line 3 Server cools and partially freezes the cooked and marinated chicken 
entities on Line 3. The server’s processing time is defined in section 3.3.2. 
 
Figure 4.13​ - Freezer 1 Line 3 
Freezer 2 Line 3 (Srv_Freezer2_L3) 
The Freezer 2 Line 3 Server finishes freezing the cooked and marinated chicken entities 
on Line 3. The server’s processing time is defined in section 3.3.2. 
 
Figure 4.14 ​- Freezer 2 Line 3 
Line 3 Conveyor 
The Line 3 Conveyor represents the transportation distances between Oven Line 3 and 
Freezer 1 Line 3, Freezer 1 Line 3 and Freezer 2 Line 3, and Freezer 2 Line 3 and 





Line 2 Conveyor  
The Line 2 Conveyor represents the freezing and slicing processes on Line 2 for the 
cooked and marinated chicken entities. The Line 2 Conveyor moves at a speed as defined 
in section 3.3.2.  
Packaging Line 2 Combiner (Cmb_Pack_L2) 
Packaging Line 2 Combiner combines a box entity and a batch of 30 chicken entities to 
prepare the finished goods for shipment. A box entity is readily available at all times to 
package the chicken entities when the appropriate batch size is present. The processing 
time for Packaging Line 2 Combiner is defined in section 3.3.1.  
 
Figure 4.15 ​- Packaging Line 2 Combiner 
Box Entity Source (Src_Pkg_Boxes) 
The box entity source releases a box entity into the system when a batch of chicken 
entities arrives at Packaging Line 2 Combiner. A single box entity is combined with a 
batch of 30 chicken entities.  
 




Packaging Line 3 Combiner (Cmb_Pack_L3) 
Packaging Line 3 Combiner combines a bag entity and a batch of 5 chicken entities to 
prepare the finished goods for shipment. A bag entity is readily available at all times to 
package the chicken entities when the appropriate batch size is present. The processing 
time for Packaging Line 3 Combiner is defined in section 3.3.1.  
 
Figure 4.17​ - Packaging Line 3 Combiner 
Bag Entity Source (Src_Pkg_Bags) 
The bag entity source releases a bag entity into the system when a batch of chicken 
entities arrives at Packaging Line 3 Combiner. A single bag entity is combined with a 
batch of 5 chicken entities.  
 






Line 2 Sink (Snk_L2_Exit) 
The Line 2 Sink is used in the model to indicate that the manufacturing process has been 
completed for a box of 30 chicken entities. A connector attaches the Packaging Line 2 
Combiner to the Line 2 Sink. All finished boxed products exit through the sink.  
 
Figure 4.19​ - Line 2 Sink 
Line 3 Sink (Snk_L3_Exit) 
The Line 3 Sink is used in the model to indicate that the manufacturing process has been 
completed for a bag of 5 chicken entities. A connector attaches the Packaging Line 3 
Combiner to the Line 3 Sink. All finished bagged products exit through the sink.  
 








Figure 4.21​ - Simio Proposed Layout Simulation Model 
 
4.5  SIMULATION STATISTICAL OUTPUT ANALYSIS  
After running the Simio experiment for 10 iterations with a run time of 8 hours each 
(warm-up period was 2 hours), the model’s statistical output results were analyzed to 
verify the accuracy of the simulation. Table 4.2 summarizes the output results below.  





To calculate the proposed finished product output in pounds on average, the SDT had to 
consider the number of entities (weight) of chicken in the boxes and bags. Equations 4.1 
and 4.2 represent the finished goods’ weight for boxes and bags, respectively.  
Line 2 Sink Output = (256.7 boxes) * (2 shifts) * (30 lbs/box) (4.1) 
Line 3 Sink Output = (5,951.8 bags) * (2 shifts) * (5 lbs/bag)  (4.2) 
 
Since the Simio model was ran for only one shift (8 hours) and the SDT assumed shift 
one runs identically to shift two, the number of entities (boxes and bags) that entered the 
sink was multiplied by two. This was necessary because the Simio model is a large-scale 
simulation of a single production day and the required computing power for an entire 
production day was not available to the SDT. Table 4.3 shows the summary production 
output for two shifts. 
 
Table 4.3 ​-​ ​Proposed Layout Simulated Production Output 
 
Line Shift 1 (lbs) Shift 2  (lbs) Net Produced (lbs) 
2 7,701 7,701 15,402 
3 29,759 29,759 59,518 
  Total  74,920 
 
Because the SDT was able to confidently verify the current layout model using NSP’s 
daily production reports, it can be assumed the proposed layout model is also relatively 
accurate given the only changes were the addition of a second chicken processing line 
and some transportation distances. Furthermore, the increase in pounds produced in the 
proposed layout Simio output results is logical since chicken processing capacity 
increased. Therefore, the relative accuracy of the models is sufficient for the purposes of 
this project.  
Transportation time from the marinade room to both Tumbler 1 and Tumbler 2 was of 
interest to the NSP engineering team. Assuming an average pace of 2 miles per hour for a 
worker to push a loaded marinade vat along the respective distances, the SDT was able to 
calculate the transportation times. Table 4.4 summarizes these calculations.  
Table 4.4 -​ Proposed Layout Transportation Times 
Marinade Room → Tumbler  Proposed distance (ft) Time to transport (sec) 
1 236 80.5  





Simio output statistics for the packaging combiners indicate the lines’ utilization. These 
results are summarized in Table 4.5 below.  
Table 4.5​ ​-​ Proposed Layout Simio Packaging Line Utilization 
Utilization Packaging Line 2 Packaging Line 3 
Maximum 100.0% 100.0% 
Minimum 100.0% 85.6% 
Average 100.0% 96.9% 
 
The utilization for each line indicates a strong possibility of a bottleneck at the packaging 
combiners, which means there are likely many entities that are waiting in the queue but 
never being processed. This results in zero down time in the case of Packaging Line 2 and 
an extremely high average utilization rate for Packaging Line 3. The average utilization 







5.0 Simulation Results Comparison  
This section summarizes the results of the current and proposed layout simulation models. 
Comparing the results provided the SDT insight into the relative performance of NSP’s current 
system and the expected performance of the proposed system. The alternative solution selected by 
the SDT in section 6.0 used this information in part to guide the decision.  
Table 5.1 summarizes the current layout and proposed layout production output.  
Table 5.1 - ​Current vs. Proposed Production Output (lbs) 













2 5,454 5,454 10,908 7,701 7,701 15,402 
3 26,761 26,761 53,522 29,759 29,759 59,518 
  Total  64,430  Total  74,920 
 
 
Equation 5.1 shows the percent increase calculation for production output in the current versus 
proposed layout model.  
roduction % Increase 00P =  Current Layout T otal P roduction 
P roposed Layout T otal P roduction − Current Layout T otal P roduction 
* 1  (5.1) 
The production percent increase is equal to 16.3%. According to the SDT’s simulation models, 
this means that if NSP were to implement the proposed layout, their chicken production would 
increase by 16.3% relative to current levels.  
 
Transportation time from the marinade room to both Tumbler 1 and Tumbler 2 was of interest to 
the NSP engineering team. Assuming an average pace of 2 miles per hour for a worker to push a 
loaded marinade vat along the respective distances, the SDT was able to calculate the 
transportation times. Table 5.2 summarizes the transportation times from the marinade room to 










Table 5.2 - ​Current vs. Proposed Transportation Times  
 










Time to transport 
(sec) 
1 120 40.9 236 80.5  
2 95 32.4 250 85.3  
 
If the proposed layout were to be implemented, the above table shows transportation time from 
the marinade room to Tumbler 1 would nearly double. Likewise, the transportation time from the 
marinade room to Tumbler 2 would be approximately 2.6 times greater in the proposed layout 
compared to the current layout.  
While transportation time per trip significantly increases in the proposed layout compared to the 
current layout due to increased path distances, the frequency of trips is low. Therefore, the SDT 
does not expect any measurable impact to be had on the proposed layout in terms of production 
output.  
Table 5.3 summarizes packaging line utilization in both the current and proposed layout models.  
Table 5.3 - ​Current vs. Proposed Simio Packaging Line Utilization 
 Current Layout Proposed Layout 
Utilization Packaging Line 2 Packaging Line 3 Packaging Line 2 Packaging Line 3 
Maximum 99.3% 94.7% 100% 100% 
Minimum 47.2% 71.8% 100% 85.6% 
Average 72.3% 87.1% 100% 96.9% 
 
The utilization for each line for the proposed layout indicates a strong possibility of a bottleneck 
at the packaging combiners, which means there are likely many entities that are waiting in the 
queue but never being processed. High average utilizations were expected using the model’s logic 
since input into the system is essentially doubled with the introduction of the second chicken 
processing line. The packaging combiners were overloaded on line 2 due to the shorter dwell time 
in between the oven and the packaging line. Therefore, it can be concluded that the resulting 





6.0 Evaluating Alternative Solutions 
The SDT proposed three alternative solutions to evaluate. The alternative solution selection 
criteria was based on increasing NSP’s chicken production while maintaining reasonable 
functionality and manufacturing facility adaptability.  
The following are the alternative solution options: 
➢ Alternative Solution #1 - Accept the Proposed Layout 
➢ Alternative Solution #2 - Accept the Proposed Layout with Modifications 
➢ Alternative Solution #3 - Reject the Proposed Layout  
 
Accepting the proposed layout would increase chicken production relative to the current layout by 
16.3%, or about 10,000 pounds per day. This solution is preferred over rejecting the proposed 
layout as there is clearly a business case for implementing the proposed layout. 
 
However, the Simio simulation model indicated maximum level utilization of the packaging 
combiners in the proposed layout, which is likely due to slow packaging rates relative to the 
volume of incoming finished goods.  
 
Therefore, the SDT selected alternative solution #2. Accepting the proposed layout with 
modifications allowed the SDT to propose potential improvements to increase production above 
the proposed layout simulation production output.  
 
Because utilization for the packaging combiners was at or near 100% in the proposed layout 
model, the SDT modified the proposed layout by introducing a third packaging line. Figure 6.1 









Table 6.1 summarizes the output results below.  
 




Table 6.2 shows the summary production output for two shifts. 
 
Table 6.2 ​- Proposed Layout with Modifications Simulated Production Output 
 
Line Shift 1 (lbs) Shift 2  (lbs) Net Produced (lbs) 
2 30,162 30,162 30,456 
3 15,228 15,228 60,325 
  Total  90,781 
 
Table 6.3 summarizes the current layout, proposed layout, and proposed layout with 
modifications production output. 
Table 6.3 ​- Production Output Comparison 























2 5,454 5,454 10,908 7,701 7,701 15,402 30,162 30,162 30,456 
3 26,761 26,761 53,522 29,759 29,759 59,518 15,228 15,228 60,325 
  Total  64,430  Total  74,920  Total  90,781 
 
 
Equation 6.1 shows the percent increase calculation for production output in the current versus 





roduction % Increase 00P =  Current Layout T otal P roduction 
P roposed Alternative Layout T otal P roduction − Current Layout T otal P roduction 
* 1  (6.1) 
The production percent increase is equal to 40.9%. According to the SDT’s simulation models, 
this means that if NSP were to implement the proposed layout with modifications (add a 
packaging line), their chicken production would increase by about 40.9% relative to current 
levels, or 26,351 pounds per day.  
 
Equation 6.2 shows the percent increase calculation for production output in the proposed versus 
proposed layout with modifications models.  
roduction % Increase 00P =  P roposed Layout T otal P roduction 
P roposed Alternative Layout T otal P roduction − P roposed Layout T otal P roduction 
* 1  (6.2) 
The production percent increase is equal to 21.2%. According to the SDT’s simulation models, 
this means that if NSP were to implement the proposed layout with modifications (add a 
packaging line), their chicken production would increase by about 21.2% relative to proposed 
levels, or 15,861 pounds per day.  
 
Figure 6.2 illustrates the Simio layout of the proposed facility with the third packaging line. 
 




7.0 Conclusions and Recommendations 
In conclusion, the SDT recommends implementing the proposed layout with modifications. Since 
extremely high packaging line utilization rates were observed, the introduction of a third 
packaging line was proposed. By introducing this third packaging line in the proposed layout, 
production output was increased significantly. The bottleneck that resulted from the proposed 
layout (without modifications) will also be alleviated by increasing the packaging line capacity.  
While investing in an additional packaging line could be relatively costly, the SDT encourages 
the NSP engineering team to evaluate the long-term potential value creation that will occur by 
increasing chicken production. Beyond simply increasing production, the additional packaging 
line will help improve the functionality of the system and lessen waste by removing a substantial 
amount of work-in-progress.  
Upon the completion of an economic justification, the SDT also recommends that the NSP 
engineering team investigate the optimal line assignment for the third packaging line. While the 
Simio simulation model places the additional packaging combiner on line 2, the system may 













































































































Figure 8.6 - ​Daily Production Report 04.02.19 
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